Background Primary care (PC) in Sweden provides ambulatory and home health care outside hospitals. Within the County Council of Stockholm, coding of diagnoses in PC is mandatory and is done by general practitioners (GPs) using a Swedish primary care version of the International Statistical Classification of Diseases, version 10 (ICD-10). ICD-10 has a mono-hierarchical structure. SNOMED CT is poly-hierarchical and belongs to a new generation of terminology systems with attributes (characteristics) that connect concepts in SNOMED CT and build relationships. Mapping terminologies and classifications has been pointed out as a way to attain additional advantages in describing and documenting healthcare data. A poly-hierarchical system supports the representation and aggregation of healthcare data on the basis of specific medical aspects and various levels of clinical detail. Objective To describe and compare diagnoses and health problems in KSH97-P/ICD-10 and SNOMED CT using primary care diagnostic data, and to explore and exemplify complementary aggregations of diagnoses and health problems generated from a mapping to SNOMED CT.
Introduction
Primary care (PC) in Sweden, with general practice as the core medical specialty, provides ambulatory and home health care outside hospitals. It is regarded as a fundamental constituent of the Swedish healthcare system. 1 Statistics from PC are not collected on a national level in Sweden, as is the case for hospital care. Health problems and managed morbidity in primary care have been studied using different coding systems such as the International Statistical Classification of Diseases (ICD), Read Codes and International Codes in Primary Care (ICPC). [1] [2] [3] [4] Within Stockholm County, coding of diagnoses in PC is done by GPs in connection with patient encounters. In this study we describe and compare such diagnostic data using ICD-10 and SNOMED CT.
Use of EPRs by GPs is almost universal in Sweden, as is also the case in several other countries. EPRs also support diagnostic coding, which is a mandatory requirement of the Stockholm County Council, and this has made it possible to systematically collect information on health problems in PC. The quality of diagnostic coding has been thoroughly studied. Several steps are involved in the process of coding, and errors can occur. 5, 6 Furthermore, both low reliability between coders and coding inaccuracy have been documented. 7, 8 However, high reliability, correctness and completeness have also been reported. [9] [10] [11] ICD has become the standard international diagnostic classification for all general epidemiological purposes and many health management purposes. 12 In Sweden, a PC version of ICD-10 was developed that consists of a subset of 972 categories and has the acronym KSH97-P. 13 Chapters XX, 'External causes of morbidity and mortality', and XXII, 'Codes for special purposes', are not included in KSH97-P. KSH97-P has fewer hierarchical levels than ICD-10, as it consists only of categories and chapters.
Statistics based on ICD-10 are published internationally and nationally. Examples of national statistics using ICD-10 include those concerning inpatient diseases in Sweden.
14 The method often used is to aggregate diagnostic categories on the three-character category level, for example 'Influenza/pneumonia categories J10-J18', or on the chapter level. The recommendation is for KSH97-P statistics to be aggregated on an ICD-10 chapter level or with special groups of manually grouped categories, based on statistical needs within primary care. 13 Attempts at restructuring the monohierarchical structure of ICD-10 have been proposed. 15 The different levels of granularity in coding systems have been described previously, 16 as have the generations of terminology systems. 17 ICD-10 belongs to the first generation, and is generally considered to be a widely accepted classification, although it is based on a number of compromises regarding aetiology, anatomical site, circumstances of onset etc., 18 and has internal inconsistencies. 5 Diseases of interest to a user may be scattered throughout the ICD system, and manual selection of the relevant codes is prone to error. 5 Epidemiological studies using ICD-10 demonstrate the possible shortcomings of the ICD-10 classification structure. The Systematized Nomenclature of Medicine, Clinical Terms (SNOMED CT) is an international concept-based system for health care with more than 300 000 concepts, 19 and is regarded as heralding a new generation of terminology systems. There is currently no systematic use of SNOMED CT in Sweden, but it is being translated to Swedish by the Swedish National Board of Health and Welfare for use as a resource together with traditional classifications. 20 A comparison between ICD-10 and SNOMED CT is shown in Table 1 .
The structure of SNOMED CT is assumed to be useful for aggregated analysis of outcomes, decision support, knowledge-based practice guidelines etc., in a clinical setting. Attributes (characteristics) connect concepts together in SNOMED CT and build relationships. According to an unsubstantiated report, defining attributes in SNOMED CT should be assigned to those hierarchies where retrieval of clinical data is most useful and relevant (e.g. procedures, findings and diseases). 21 Each concept in SNOMED CT is said to have a clinical meaning and is formally defined in terms of its relationships with other concepts. 22 Is a relationships and defining attribute relationships are known as the 'defining characteristics' of SNOMED CT concepts. In this article Is a refers to the defining hierarchical relationship. Every active SNOMED CT concept (except the SNOMED CT concept 'Root concept') has at least one Is a relationship to a supertype ('parent') concept. A concept in SNOMED CT can have more than one Is a relationship to 'parent' concepts, which creates a poly-hierarchical structure. 22 A poly-hierarchical structure supports the representation and aggregation of healthcare data on the basis of specific medical aspects and various levels of clinical detail.
Mappings between terminologies and classifications have been suggested as a possible way to achieve different goals of classifications and terminologies as well as to attain additional advantages in describing and documenting healthcare data. 19, 23, 24 A clinical mapping trial described the mapping from KSH97-P to SNOMED CT, as well as obstacles to high quality mapping due to the content and structures of the different coding systems. 25 The objectives of this study were:
. to describe and compare diagnoses and health problems in KSH97-P/ICD-10 and SNOMED CT using PC diagnostic data from EPRs
. to explore and exemplify complementary ways of aggregating diagnoses and health problems generated from a mapping to SNOMED CT.
Method
The diagnostic data used in this study were coded by primary care physicians and automatically collected from the EPRs in Stockholm County throughout 2006. Diagnostic codes were reported in an average of 78% of the encounters. The encounters with registered diagnostic coding, for which it was possible to use up to 15 diagnostic codes for every care contact, had one code in 82% of all care contacts, two codes in 13% and three codes in 3% of all care contacts, and 2% of the contacts had more than three (>3) diagnostic codes.
Description of and comparison between ICD-10 and SNOMED CT
We used a category mapping from KSH97-P to SNOMED CT that was based on a mapping reliability study. 25 A manual mapping method was used in that study, as an automated lexical mapping method would require a SNOMED CT version in Swedish. The method compared the mapping results in three sequences and added new mapping rules if needed. Thereafter, the mapping to a mapped set to be used in this study was agreed upon. Of the 972 categories in KSH97-P, 14 (1%) did not have a matched concept in SNOMED CT and 67 (7%) were mapped to more than one concept. We applied an additional mapping on an ICD-10 chapter level, as described in another study. 26 We found no concepts in SNOMED CT that matched the rubrics of Chapters XVIII and XXI in ICD-10. We used the mapping results of categories and chapters in this study to aggregate primary care diagnostic data through SNOMED CT Is a relationships to describe the data and make comparisons between ICD-10 and SNOMED CT on the chapter level. For each chapter we extracted the mapped chapter concept(s) together with the mapped concepts' Is a descendants. All diagnoses belonging to a category that were mapped to any of the extracted concepts were assumed to belong to the specific chapter. This implies that a specific category could belong to zero chapters, or one or more than one chapter. An example of a category mapped to a concept is 'J06 Acute upper respiratory infections of multiple and unspecified sites' in KSH97-P, mapped to 78337007 'Acute upper respiratory infection of multiple sites' in SNOMED CT.
Exploring complementary ways of aggregating with SNOMED CT
To explore and exemplify complementary ways of aggregating diagnoses and health problems, we used the category mapping. We carried out aggregations through the defining Is a relationships and defining attribute relationships, as described above. For each category the mapped concept(s) was/were extracted together with its/their ancestors (all supertypes) to a mapped set. All defining attribute relationships from concepts in the mapped set were then followed, and the target concepts were included in a specific attribute value set for each relationship type. In each attribute value set the concepts that were ancestors of another concept in the same attribute value set were removed. The remaining concepts in each attribute value set were assumed to be attribute values of the respective attribute types in the category. Attribute relationships include the concept (object), attribute type and attribute value (another concept).
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The attribute relationships related to 'acute upper respiratory infection of multiple sites' are specified in Table 2 .
As the attribute values are arranged in a polyhierarchy, diagnoses can be included in more than one attribute value. In this study we chose to explore three attribute relationships from the KSH97-P to SNOMED CT mapping, which in relation to the 972 categories were found to be present as follows: associated morphology (47%), finding site (74%) and causative agent (13%). 26 
Ethical approval
The regional ethical review board in Stockholm approved the study, no. 2007/1102-31.
Results
There were 2 563 031 office encounters with GPs in the PC units. In the encounters, 2 508 944 diagnoses were coded according to KSH97-P/ICD-10. Of these, 113 775 diagnoses were assigned to one of the 14 diagnostic categories that were not mapped to a SNOMED CT concept, of which 100 259 were coded Z54-P, 'Persons encountering health services for specific procedures and health care'. In all, 41 390 of the diagnoses were assigned to codes in ICD-10 instead of KSH97-P.
A chapter level comparison of diagnostic data between KSH97-P/ICD-10 and SNOMED CT is presented in Table 3 . 'Diseases of the digestive system' differed, with 194 904 (8.8%) in SNOMED CT and 56 583 (2.3%) in KSH97-P/ICD-10. There were 316 391 (14.3%) diagnoses classified as 'Infectious disease' in SNOMED CT, which is higher than in KSH97-P/ICD-10 Chapter I, 'Certain infectious and parasitic diseases', where the figures were 108 893 (4.3%). The frequency of 'Diseases of the musculoskeletal system and connective tissue' was 168 815 (7.6%) in SNOMED CT, which was lower than the frequency of 281 787 (11.2%) in KSH97-P/ICD-10. In the remaining chapters the differences in frequency were below 3%. A total of 298 404 (12%) of the diagnoses were assigned to categories in ICD-10 that were not taken care of in the mapping process.
The use of Is a relationships in SNOMED CT aggregated the diagnostic data to 2861 concepts, showing a new, multidimensional view of different specific medical aspects, where every view can be further explored. A subset of such concept views is shown in Table 4 , with a diagnosis percentage share cut-off at 5%. Examples of new concept views were 'Neurological finding' (8.0%), 'Acute disease' (9.5%) and 'Pain/ sensation finding' (6.6%). In all, 141 870 (5.7%) of the concepts were procedure concepts. A further exploration of 'Inflammatory disorder of upper respiratory tract' and the generic views represented by superordinate concepts is shown in Figure 1 .
The chosen attribute relationships in SNOMED CT were connected to the diagnostic categories in KSH97-P, as shown in Table 5 . On the basis of our chosen attributes, only the clinically relevant of the 20 most frequent attribute relationships are presented; for example, the 'root attribute' SNOMED CT is not included in the table. Unlike the Is a relationship showing disorders and findings concepts in Table 4 , Table 5 presents the perspectives of 'Associated morphology', 'Causative agents' and 'Finding sites' for primary care disorders and findings. The most frequent finding site is 'Upper body part structure' (766 869, 30.6%) and the least frequent is 'Parasympathetic nervous system structure' (1 diagnosis). Of the causative agents, 61 926 (2.5%) were viruses and 16 387 (0.7 %) were fungal microorganisms.
The poly-hierarchical structure of SNOMED CT reveals a high percentage of digestive and infectious diseases that were hidden in the mono-hierarchical structure of KSH97-P. Diseases are aggregated from specific to general levels with SNOMED CT; for example, with the perspective of anatomical structure from 'Systemic arterial finding' to 'Disorder of cardiovascular system'. Certain characteristics related to 
Discussion Principal findings
Presentation of the diagnosis distribution showed differences mainly in infectious and digestive system disorders when comparing KSH97-P/ICD-10 at the chapter level to SNOMED CT. The usage of Is a relationships in SNOMED CT aggregated the diagnostic data to 2861 concepts, showing a multidimensional view of different specific medical aspects. The perspectives of 'Associated morphology', 'Causative agents' and 'Finding sites' regarding primary care disorders and health problems were shown through the chosen attribute relationships that connect concepts together in SNOMED CT.
Implications of the findings
The results of this article have several implications for PC. The hidden information about health problems and diagnoses, coded with categories in KSH97-P, that is explored in this study consists of multiple views that are useful to clinicians for a range of purposes. In our study 'Associated morphology', including 'Inflammation', and the attribute value 'Virus', for example, This illustrates the advantages of using a polyhierarchy for a context which it would be impossible to represent within a mono-hierarchy. These advantages can be accomplished through mapping, and therefore it may not be necessary to change classification systems from KSH97-P/ICD-10 to SNOMED CT for the end user. However, a subset of SNOMED CT in clinical use would probably be needed to reach the full potential of the system. Clinically relevant views can be used for navigation in order to support classification, thereby possibly improving coding validity and reliability.
Comparison with the literature
A chapter level comparison between KSH97-P/ICD-10 and SNOMED CT for diagnostic data from Stockholm County showed different patterns mainly concerning infectious and digestive system disorders. To our knowledge, there are no available statistics on health problems in general practice based on SNOMED CT concepts, which is why comparisons of statistics have to be done with data coded and aggregated by other coding systems, such as ICD-9 and ICD-10, Read codes and ICPC. 'Digestive/abdominal signs and symptoms' had the highest annual GP contact rate in Scotland, 27 'Health problem in digestive system' had a rate of 3.3 to 3.9% in Iceland using ICD-9, 2 and in the Swedish cross-sectional study using ICD-10 the rate was 3.1%, 1 compared to 2.3% (ICD-10/KSH97-P) and 8.8 % (SNOMED CT) in our study. SNOMED CT allows a concept to have Is a relationships in several hierarchies; for example, to be both an infectious or a neoplastic disease and a disorder of the digestive system. This is due to the polyhierarchical structure of SNOMED CT, which is one of ten desirable criteria for a terminological system. 28 Several categories that are common in PC, such as 'Diabetes NOS', have also been included through the mapping in Chapter XI, 'Diseases of the digestive system'. The 'Infective and parasitic' category in Iceland constituted 4.2 to 6.4% of health problems and 2.9% in the Swedish study. 1, 2 In SNOMED CT, 'Infectious diseases' had a rate of 14.3%, while the rate was only 4.3% in KSH97-P/ICD-10. Chapter I in ICD-10 is restricted to 'Certain infections' and does not contain 'Certain localized infections', which is common within primary care. Chapter XIII, 'Diseases of the musculoskeletal system and connective tissue', had a higher percentage share in the cross-sectional Swedish study -15.8% compared to 11.2% (KSH97-P/ICD-10) -and in our study it was even lower in SNOMED CT at 7.6%. 1 The lower level in SNOMED CT is mostly due to the structure of SNOMED CT which, for example, separates the 'finding of back' and 'musculoskeletal finding' trees, making backache a 'finding of back' but not a 'musculoskeletal finding'.
The usage of Is a relationships in SNOMED CT provides a way to view diagnostic data from additional perspectives and various levels of clinical detail, based on the granularity of the concepts in SNOMED CT. The possible views increased from the category level (972 categories) and chapter level (21) in KSH97-P to 2861 conceptual views of the data. The existing classification structure in ICD-10 is based on a number of well-known compromises 18 and has limitations when used for statistical purposes and multipurpose data aggregation due to the fact that its chapter structure has only a few consistent views. 29 The present recommendation for obtaining statistics on certain diseases of interest is manual selection of KSH97-P categories, 13 which is a method that could lead to arbitrary, non-comparable groups and is prone to error. 15 Defining attribute relationships in SNOMED CT are used to describe clinical findings in primary care expressed as 'Finding site', 'Causative agent' and 'Associated morphology', which are chosen from the 58 defining relationship types present in SNOMED CT. However, many of the attribute relationships are rarely used. These relationship types provided additional information on inflammatory morphology and causative organisms that it is not possible to aggregate in ICD-10. The most frequent attribute relationships in SNOMED CT that were connected to the diagnostic categories in KSH97-P corresponded to the pathophysiological definition of ICD-10 disorders using anatomical location, morphology and cause of the disease. 15 This study showed that it is possible to generate new statistical information from primary care data with SNOMED CT using diagnostic data coded by primary care physicians according to KSH97-P/ICD-10. Our study shows that it may be possible in the future to combine a subset of ICD-10, which is well known, fairly small and widely accepted in many countries, with a complex, large, IT-system dependent terminology system like SNOMED CT for statistical purposes. To our knowledge, there are no previous studies on statistics using ICD-10 diagnostic data and SNOMED CT. The data consist of a complete sample of diagnostic codes from all of Stockholm County collected during a one-year period. A total of 78% of the encounters were coded. The coding of the diagnostic data was done by the GPs at the time of the office encounters, and was judged to be unrelated to any reimbursement system. Reimbursement systems can have an impact on diagnostic coding. 30 We have not compared ICD-10 with ICPC in this study, but a mapping of the International Classification of Primary Care (ICPC)-2 PLUS to SNOMED CT has been done. 31 Using this or a similar mapping method to aggregate diagnostic data with SNOMED CT would probably show similar results, but this has yet to be investigated.
Limitations of the method
The main limitation of this study is the dependence of the results on the mapping from KSH97-P/ICD-10 to SNOMED CT. The mapping on a chapter level can be questioned, 26 as can the category mapping that was used. The loss of diagnoses from the collected data in the mapping process influenced the results in different ways: the non-mapped categories could have influenced all the results presented in Tables 3 to 5 . The nonmapped chapters XVIII and XXI affected only Table 3 . The impact of possible quality errors in the diagnostic coding process that have been shown in previous studies is unknown. [7] [8] [9] [10] [11] Far from all concepts have attributes in SNOMED CT. Also, the SNOMED CT structure has not been checked by the authors, but has been accepted as is for the purpose of this study.
Call for further research
Numerous possibilities are open for further analysis of the data in terms of detail, different parts or problem areas, sex, age, geographical location, healthcare consumption etc. There is a need to consider the possible usage and implementation of SNOMED CT in Sweden in light of the translation of SNOMED CT to Swedish. It can be assumed that end usage of SNOMED CT demands a new user-interface design and new analytic tools for SNOMED CT data. Based on the results shown in the tables in this paper, it is obvious that there are challenges involved in analysing SNOMED CT data. There are difficulties with mapping, and it can be argued that mapping between classifications is not a long-term solution. Mappings may introduce quality losses, as described in a previous article. 25 A spectrum of medical informatics research has emerged with the help of SNOMED CT -collecting, retrieving, analysing and storing data -and there is a need for research in all of these areas.
Conclusions
The chapter level comparison between diagnoses and health problems in KSH97-P/ICD-10 and SNOMED CT using primary care diagnostic data showed minor differences except regarding infectious and digestive system disorders where there were marked differences. Aggregations of diagnoses and health problems generated from SNOMED CT Is a and attribute relationships enabled exploration of complementary and interesting clinical views of importance. SNOMED CT is useful, gives a different view on a chapter level and adds new views of significance regarding the clinical data that can be of use in describing and developing primary care. A broader use of SNOMED CT for mapping or for primary coding is therefore of importance.
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